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CO^mMmFO^n^nIM RADIAL Whflcm<«i prior con^ fed fliudm. 

^^^^^ utilize a plurality of individual compliam foils andkS 

TECHNICAL FIELD "^^^ foils with a cyUndrically bGnd bushing, there 

TTminvcoiionrdatcstotfacgcaaalfiddofcoinpiiantfoU , ^if^.^^ * ^ compliant foil aad a 'single 

fluid film bearings and more paiticulariy to aniZ^ ^<>»i have been pr<^)oscd with a cam shapa^ 

muW segment compliant foU fluid film radial bearing wisnmg, Aii example of this type of radial bearing can be 

« ^ ocanng. ^yj^^ ^ 5,427.455 issued Jun. 27 IQOs 

BACKGROUND OFTHE INVE^mON Robot W. Bosley. entitled ^r^ZtilX^oZZ 

Compliant foil fluid film radial bearings arc aurenUy Fdm Radial Bearing", 

being utilized in a variety of high speed rotor qmlicatioas. '° 

Thea bearings are gencraUy comprised of a bushing. ^^P^ SUMMARY OF THE INVENTION 
rotating clement such as a rotw or shaft adapted to rotate l&X/^tKLnrr^i^nt ;«v^«f ^« m 

wiflunftebushii*. nonsuiting con>pli^Sf,S^^ ^^SS^^^JH^,**'^.^?^^^ 
b« mounted witfun ifac bushkg andSsing the roXx^Kg^J^ » f^,'" « 

dement. «>d nonsotating c«npliant spring foil ^t^^r^^ST^^'^^ P^*" 
ntounted within the bushing undaneath the Don«catingy ih^ }„3X™, ^^""^ 
compliant fluid foil members. TTie space between the iotatt> „SL«^1X!J1 """^ » P*"^ 

ing dement and the bushing is fiUed with fluid (usuaUy air)^/ ff^T^^^r^?^?"*''^ ^P^"'*^"*^ 
»faid> envdops the foils. Conventionally, the com^ ^ Sw^^nft^^ bore, whidt may be cithtr 
fluid foa dements aie divided into a plurJity of Sdua^ " dKf^-^ contouiA^ generally T-shaped iminas 
compliantfoilstofonnaplaralityofwedgeshapeddunnds r^™Jf^^^«f^ Pushing into a like plui^ 
whidi comrage in thidmess io the direction of the rotation ^^JZ. ^^i^JT^ ° compliant foil and fofl 
of the rotet ° T^^^^ ^isposed therdaStetwecn adjacent geaetaUy 

The motion of die rotating dement ^lies viscous drag "^"^ letamers. \ 

face to tte fluid in the convciipng wedge diannd$.Thi^ ^ BRlEFDESCRIFnONOFTHP toawim^c 
results u mcreases in fluid pressure, cspedalty near the i^»uaKiiUN OF THE DRAWINGS 

nailiag end of the wedge channels. If the rotating element ^''^ desaibed the {Ksent invention in general 
moves toward the non^rotatlng element the convergence «efo«oe wiU now be made to the acconmanyine 

•ngte of the wedge cfaannd increases, causing the fluid "*wtngs in which: ^ * 

'^^^^f^'^^'*^^J^''^Co<^y<^y.ifihc RG-lis«na»<lviewofthecompliantfoilfluidfilmradiaI 
w«mg dement moves away, the pressure rise along die bearing of the present invcniioir^ »oiiuuionimnaiai 
wedge cfaannd deceases. TTjus. the fluid in the wedse PIB 2k,„ — .- • ^ 

oontao betWMn die rotating and non-rotating denims of " f^aZi^ ^, " *?Pl°?^ Pmpeaive view <rf the compliant 
thebearing.Rexing and sliding of the foiUaisesc«SoiS foflJiu«<l film tsuUal bearing of HGS. I and2:and 

<lampiag cf any axial or overtttrning motion of the rotoinc . ^ •* ««>l«8e<* ^ectiocal view of a portion of an 
dement of the bearing. * aitonate eoji^)liam foil fluid fiha ladial bcaing of the 

Owing CO preload spring forces or gtavity forces die ^ invention, 
rotating dement of the bearing is typicallv in nhvsieai « 

oomaa with the fluid foil members <rf the barinTu Z DESOOPnON OF THE 

rotational speeds. ITus physical coauw results to bearing PREFERRED EMBODIMENTS 

"^"^ " 1-3 is die compliant foil fluid film 
Kn^^SL't::^ ^ '^'^ fo«« « radial bearing 10 of .he prese«^ention: JlTir 

teShr^in!^^' '^^^ '^f' * ^ Wtradialbearing 10 genenOly comprises a bushing IZ 

beween die rotatmg and non^rtatmg dements. a daft ori«or 14. a plurality of 4npZm foUs 16 (shown 

aapliaiit fofl fluid fUm radial bearings typically rely on <^ « Mke pUaality of f^lhintesprings 18 

SSTnS! 1^""^ ,'^««»^«»««20of diebushing UtoSdJaplundity 

tivdy inovable rotatug dement so as to control foil » of anti-rotation devices or retZS M « 

poanoo/nestmg and to establish foil dynamic stability. The geoenOly T.shapSS^S^ JLulT^JLJfn^ 

^ stamng torque (whid. should ideally be z2ro, is »^^«S:S^^Z^Tt^^^^ 

forces dso sigmficanUy increase the rotor speed at whidi die pJurdity of lobes 24. TTie comoUaL a! 

ttough to tifi the routing dement of the bearing out of adjaont generaUy T-shajSretunenM. 

physical eouact wid, die non-rotating mcmben of die While La,/^ "Vco reiamers m. 

bearing. These prdoad forces and the hirfTuft^oud^ 2a«^^-^ " •* cylindrical, the interior bore 

down speeds resSt in agnificam ^ wSr SSJ^S^ ini^s^? " ""^ " cylindricaL If the 

twor is started or stoppk •"e »»tenor bore 20 u not cylindricaL tfie generaUy T-shapcd 

^nventional compliant foU fluid film radial bearings " oT^I^Llr'SLiS ^ 

The dearances between a,c no/^ST^uinS^t L^S^^u^,^"^ 
vergingdunndramptrailingendsanditeSnfdei^ « ;^^f"'^'^f''«»«P>««'i'y of equally spaced 
«e typically less than 100 «L»nd.es at opSg^ " ^ f^^l^^ fte converging wedges wiU 
dons. -»~«uBg wBoi DC foimed vu die compliant foil W and/or the foil under- 

tpugs W as generally shown in HO. 4. -Hie height of die 
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foil under^jriogs 18* may inacase from the leading edge of 
the compliant foil 16* to Che trailing edge of the compliant 
foil 16* in order to fonn the coovogvig wedge. Alternately, 
the stiffness of the foil uadcvspiing can vary from the leading 
edge to the trailing edge to produce the same rcsulL or shims 
of varying height can be positiooed uodenxcath the foil 
underspring. 

The generally T-shaped retainers 22 may be symmetrical 
or conform to the leading edge and trailing edge of the 
contoured lobes 24. Non-symmetrical T-shaped retainers 22 
will retain the fdls 16 at different radii from the geometric 
center with the leading edge of the foils retained at a greater 
geometric radius than the trailing edge. 

The generally T-shaped retainers 22 are formed as pan of 
the contoured intedor bore 20 of (he bushing 12 with the 
base 26 thereof extending radially inwards from the interics 
best 20. The cross piece of the generally T-shaped retainers 
22 has a leading edge 30 and a trailing edge 28. with the 
leading edge 30 having a greata thickness or width than the 
trailing edge 28 as best shown in FIG. 2. Since the inner 
diameter of the cross piece is the same at both the leading 
edge 30 and the trailing edge 28. this provides a greater 
diameter or depth for the trailing edge of the contoured lobe 
24 which is under the thicker leading edge 30 of (he 
generally T-shi^)od retainers 22. 

The contoured surface cf die lobes 24 can be daived from 
' ^e or a scries of radii of^ a defined profile. For exanq)le. in 
t&ecasedf three (3) foil segments* die contour of the 1<^ 
24 in which the compliant foils 16 and underspring foils 18 
rest upon can be a multiple of. ?r 1 if^'^ on of. a spec ific 
_ Also, an appn^iriatc contour can be constructed 
from vertices of an equil^eral triangle of specific length side 
with circles formed from these vertices intersecting to give 
die contoured surface which may be mffrhined. ground. 
EDM*ed or broached, 
f y^Mc the compliant foil fluid film radial bearing 10 is 

Q// 5hown^^^i^^toee (3) compliant foil segments 16 and three 
(3) foil und^paogslS, a greater number of compliant f oib 
segments 16 and foltlRttesQi^ 18 can be utilized. For 
nrnmpfe. five (5) .or more se^nK'iea^c.teequally af^o- 
priate for the compliant foil fluid film ladSltseaqng 10. 

The compliant foils 16 and foil undersprings 18 are 
cra|^>ed and held between adjacent T-shq>ed retainers 22. 
The compliant foils 16 would normally have a preformed 45 
arcuate shape as shown in FIG. 3. The foil undersprings 18 
may have a pref(»med radius or simply be a rectangular 
sheet In either case, the compliant foils 16 and foil under- 
springs 18 are axially inserted, either separately or together, 
into the interior bore 20 of bushing 12 between adjacem 
T-shq>ed retainers 22. Also, while the foil undersprings 18 
are illustrated as a wavy springform. any conventional 
bearing underspring can be utilized, including the spring 
described in VS. Pat No. S.427.45S. The underspring 18 
may have variable spring rates or tapered heights from the 
leading edge to the trailing edge as shown in FIG. 4, 

When trapped between adjacent T-shaped retainers 22. the 
compliant fofls 16 would be pre-loaded in compression 
between the adjacent T-shaped retainers 22. In some 
instances, however, die compliant foils 16 may t>e merely 60 
Trained in position between adjacent T-shaped retainers 22 
without preloading. The foil undersprings 18 would, 
however, ncvmally be pre-loaded in compression between 
adjacent T-shaped retainers 22. The foil underspring 18 may 
contribute to (he contoured shape of the compliant foils 16. 6S 
In most instances, the compliant foils 16 and foil under- 
spring 18 would be separate and would be capable of sliding 
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movement thacbctweca. There may. however, be fnsranrrs 
where die cosqdiasi foils 16 and foil undenpting 18 will be 
joined togedier into a single assembly. 

The greater thfffcnr^ of the leading edg 30 f the 
T-shaped retainer orosspiece produces a greater depth at the 
trailing edge of the cnmpl taw foils 16 to serve as a means to 
puU die compliant foSs 16 sway &YB& the trailing edge cf die 
converging wedge. The trailing edge 28 of the T-shaped 
retainers 22 has less thirkncss diereby aOowing die leading 
edge of die foils to rest closer to the shaft, which will 
facilitate development of the fluid film wedges. 

Also, while the ctwnplaipt foil fluid film radial bearing 10 
can function hydxodyoamically. by providing an external 
source of fluid unda fsessure. a hydrostatic aspect can be 
realized. The external pressurized fluid may be introduced 
axially at the ends of the bushing or through radial holes 40 
in the bushing 40 axially along and through the T-shaped 
retainers 22. The hydrostatic aspect will provide cooUng 
fluid to the interiar bore 20 ^ the bushing IZ whidi will 
increase bearing life especially in a gas turbine qiplication. 
Hydrostatic qxsatBOO will also inocase the load cqiadty of 
the bearing. 

The radial bearing 10 of die present inveniicHi allows for 
automation by mass production and the oon^nents can 
easily be assembled by hand. The con^liant foils 16 may be 
stan^)od or fine blanked and there is no requirement for spot 
welding or chemical ffrhlng The large deaxanoes between 
the conqiliant foOs 16 and die shaft 14 at die T-shaped 
r^ainers 22 allow inqsoved cooling of the shaft 14 and 
conqiliant foils I61 The design can aocoinmodate a variety of 
underspring types and the T-sh4)ed retainers 22 permit more 
design flexH^Iity wish respect to the shaft foil and qnng 
interaction. 

While specific embocfimeots of the invention have been 
illustrated and desciibed. it is to be understood diat these arc 
IHovided by way of ouunple only and that the invention is 
not to be constnied as being limited diereto but only by the 
I^oper scope of die following claims. 

What I daim is: 

1. A compliant foil fluid film radial bearing comprising: 
a bushing having an interior bm including a plurality of 

equally spacod generally T-sh^ped retainers axially 
extending in said interior bore and a like plurality of 
lobes between adjacent generally T-diaped retainers; 
a shaft rotatably supported widiin said interior bm of 
said bushing; 

a plurality of compliant foils, widi an individual compli- 
ant foil disposed in said interior bote of said btishing 
between adjacent generally T-shaped retainers; and 

a plurality of fdl undasprings. with an undcrqnng 
disposed beneath each of said compliant foils between 
adjacent generally T-shaped retainers. 

2. The compliant foil fluid film radial bearing of daim 1 
wherein said interior bdre is cylindrical and said individual 
compliant foils -and said individual foil undersprings beneath 
said individual complaint foils establi^ a converging wedge 
between adjacent generally T-shaped retainers. 

3. The compliant foil fluid film radial bearing d daim 1 
wherein said interior bore is noo-cylindricaL generally con- 
toured lobes are formed between adjacent generally 
T-shaped retainers, and said individual compliant foils and 
said individual foil undersprings generally confonn to the 
shape of said contoured lobes to establish a converging 
wedge. 

4. A conq>liant foil fluid film radial bearing comprising: 
a bushing having a cylindrical interior bcxe induding a 

pkiraiity of equally spaced retainers axially extending 



454946.01 01 



-3- 



5,915.841 



into said iatcnor bore and a like piuiality of arc 
segments betwoeii adjaocot retainers: 
a shaft rouiabty supported within said Loicrior bore of 
said bushing; 

a plurality of compliant foils, with an individual compli- 
ant foil disposed in uid interior bore of said bushing io 
each arc segment between adjacent retainers; and 

a plurality of foil undenprings. with an undcr^pring 
disposed beocaih each of said compliant foils in each 
arc segmcm between adjacent retainers, the radial 
height of said foil uodcr^piiogs increasing fonn its 
leading edge to its trailiog edge to establish a converg- 
ing wedge on the surface of said compliant foil facing 
said shaft 

5. The compliant foil fluid him radial bearing of claim 4 
wherein said retainers are generally T-shaped. 

6. Tlie compliant foil fluid film radial bearing of claim 5^ 
wheicio said geaoaily T-sbapod letainats arc symmetiicaL 

7. The compliant foil fluid film radial bcartng of claim 5 
wherein said generally T-Oapcd rctaincn arc asymmetricaL 

8. The compliant foil fluid film radial bearing of claim 7 
wbcxcin said gcocrally T-^bapcd asymmetzicai retainers 
have a ccosquecc with a leading edge and a trailing edge 
with the i^^fng edge *H«'^*farr than the trailing edge. 

9. The conqiliant foil fiidd film radial bearing of rinim 4 
wherein the radial stiffticss of said foil imdersfvings 
increases fonn its leading edge to its trailing edge. 

10. The compliant foil fluid film radial bearing of claim 9 
wbeiciQ said bearing is hydiodyoamic . . 

IL The oomjdiaat foil fluid film radial bearing of rhtin^ 9 
wfacrciQ said retainers are generally T-shaped. 

IZ The compliant foE fluid film radial bearing of daim 9 
wherein said bearing is hydrostatic 
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U. A compliant foQ fluid film radial bearing oompdsiitg: 

a bushing having a ftoo-cylindrical interior bore ifiduding 
a plurality of cxtuaiiy spaced retainfrs axiaUy extending 
into said intcnor bore and a like plurality f contoured 
lobes bccwoeo adiaocst retainers: 
a shaft rotatably mpponcd within said interior bcve of 
said bushing: 

a plurality of compliant foils, with an individual compli- 
ant foil disposed in said latcrior bore of said bushing in 
each coatourod lobe between adjacent retainers; and 
a plurality of foil tmdcrsprings. with an underspring 
disposed beneath each of said compliant foils Lo 
contoured lobe between adjacent retainers, the contour 
of each lobe betwecti adjaccm rctaincxs <-<t«Hitt>, jng a 
converging wedge on the surface of said onnpliant foil 
facing said shaft. 

■mpliantfoilfluid film radial bearing of daim 13 
I geaetally T-shaped retainers arc symmetElcaL 
impiiant fttl fluid film radial bearing of daim 14 
whereto saictvgeiKxally T-shaped asymmetrical retainers 
have a oossptroc with a leading edge and a trailing edge, 
with the leading cogethidcer than the trailing edge. 

l€uThe compliant f^^uid film radial beating cf daim 13 
wherein said gcoerafly T^imd rctaincn are symmetcicaL 
n.lhe coxs^liast foil tiMfiim radial bearing of daim 13 
wherein said geoeraUy T*sh^^^ retainers indude radial 
<^Kflings to provide cooling flow to^id interior bore of said 
bushing. 

1& The conqiliantfoil fluid film radial ))eatiag of daim 13 
and in addition means to provide cooling flow axially into 
said ifitcrior bore cf said bushing. 
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